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What is ICONET? 
ICONET was a consortium led research project that explored what was needed to make the 
Physical Internet a reality. The Physical Internet describes the application of the principles of 
the digital internet to real world logistical problems; through digital twinning, the real world 
is tracked using sensors and consolidated data and replicated as a real-time model that is 
used to deliver real-time decision making that makes optimal use of logistics capacities and 
infrastructure for the benefit of all participating users.  

The strategic goal of ICONET was to build a cloud-based Physical Internet framework 
and platform, which utilised leading edge technologies to deploy logistics solutions that 
demonstrate proof of concept. The 30-month project fulfilled the brief to extend state of 
the art capability for deployment of the Physical Internet through development of an 
experimental networked architecture and suite of core services, although having started in 
September 2018, and concluding in February 2021, the Covid pandemic paradoxically both 
disrupted the testing of these solutions and reiterated the value that they offer.  

The research programme explored new 
business models that could be enabled by the 
Physical Internet that enhance intermodal 
transport, better use of existing port capacity,  
high volume freight corridor capabilities, 
warehousing and ecommerce services; these 
elements together form the basis of a new 
Physical Internet driven logistics marketplace that 
makes better use of existing assets and 
investments, improving the services delivered to 
logistics users, cutting costs, and reducing 
environmental impacts.  

 

Physical Internet services 
The aim of ICONET was to create a suite of 
experimental Physical Internet network services 
that optimise the flow, cost, and environmental 
performance of freight traffic, responding in real 
time to current network capacities, demands and constraints whilst complying with pre-
agreed governance rules and service level agreements (SLAs) as determined by logistics 
service providers, their clients and relevant legislation. Orders are translated into physical 
transactions which are fulfilled and reconciled, and the process supported by established 
administrative processes (order, poof of delivery, invoice), in reference to pre-agreed 
conditions for trade (contractual terms and operating standards, service level agreements).  
 

The ICONET vision is built upon three key pillars: 

• To build new business models and the associated governance and other enablers 
required to facilitate collaborative Physical Internet operations by a range of supply 
chain actors; 

What is the Physical Internet? 
The Physical Internet, abbreviated 
frequently to PI, is a way to organize 
physical flows analogous to the way data 
flows are organised through the internet: 
encapsulation of goods in standard 
modules (e.g., containers, pallets, or 
boxes) is the equivalent of the data 
packets, warehouses are the equivalent 
of data memory bank and finally the 
transport network is the equivalent of 
communication cables. The result is that 
the transport of goods can be self-
organised and self-optimised, and so 
able to respond to real time demand and 
supply at large scale and complexity. A 
PI system can also, via real-time 
tracking, overcome and respond much 
better to real world transport constraints 
and delays. 
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• Generic case studies that would also be used to build simulation models for Physical 
Internet network design, so exploring the factors behind the number and placement 
of nodes or hubs such as ports;  

• The design and testing of an open reference system architecture and platform for 
enabling the digital connectivity required to track, trace, and replicate the real world 
in order to deliver optimised solutions in real time.  

 
Living Labs as opportunities for proof of concept and collaborative 
learning 

 
The business models were tested as Living Labs, which involved business partners willing to 
support the development and testing of Physical Internet concepts within their logistics 
operations and value chain. Each Living Lab tested the Physical Internet services and 
infrastructure required to make the Physical Internet a reality and simulated wider 
deployment to demonstrate the anticipated benefits. In doing so, each lab generated 
quantifiable realisable benefits to stakeholders, valuable insights enablers and barriers to 
implementation and success. The project set out for business cases for deployment of 
Physical Internet solutions: 

• Living Lab 1: PI Hub - Port integration and network optimisation. 

• Living Lab 2: PI Corridor - High volume corridors to test Synchro-modality as a service. 

• Living Lab 3: E-commerce focused PI network solutions. 

• Living Lab 4: PI enabled Warehousing as a Service (WaaS). 

For each of the four labs, the ICONET project was tasked with making use of leading-
edge technologies to build a test scenario deploying the control and management platform, 
services, and algorithms.   
 

 

ICONET Objectives

• Establish a 

cloud-based PI 

framework and 

services

• Digital and 

physical 

interconnectivity 

through open 

and public APIs
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Measurable Outputs of ICONET 
The project delivered the Physical Internet framework, four tested and calibrated designs and 
templates for establishing hubs, corridors, e-commerce and WaaS. To facilitate deployment 
of the assessment tools developed, a generic simulation model was made available for any 
interested party to use, in order to allow them to assess, design and test bespoke applications 
for Physical Internet services. The simulation is available on request and a video explaining 
how the simulation can be used is available here.  

The project also produced a control and management platform, containing the 
services and functional capabilities shown below; the open standards architecture forms a 
blueprint that can be copied and reproduced to support any Physical Internet platform.   

Each living lab delivered 
solutions that improved efficiency 
and efficacy of operations for end 
users, cut costs for participating 
companies, and reduced the CO2 

footprint of goods stored, handled, 
and transported. Beyond the 
demonstration of proof of concept, 
ICONET examined the pathways to 
commercialisation of the ICONET 
solutions, which included the 

development of education and knowledge transfer, the generation of detailed business case 
assessment tools, the establishment of an Advisory Board which brought industry experts 
together to guide and support the research, and wider outreach to other organisations, 
initiatives, and expert forums.  
 
 

Living Lab 1: Turning Ports into the future engines of the Physical Internet 
and IoT Supply Chains 

 
Largely unseen by customers, manufacturers and policymakers, ports are the engine rooms 
of global and regional supply chains. They present a microcosm of the challenges faced in 
balancing the demands of a wide range of users, multiple transport modes, and regulatory 
constraints. As today’s focus points for integration, they illustrate the barriers and bottlenecks 
in achieving optimised logistics flows in a complex network, but also the ambition and 
potential reach of end-to-end optimisation that a regional logistics hub can support.  
 
 The Port of Antwerp is Belgium’s largest port and a global gateway for Europe, each 
year handling 231 million tonnes of freight and more than 12 million containers; over 1000 
companies are directly active within the port area, that covers over 12,000 hectares and 
employees 144,000 people. It is a major driver of the Belgian economy, contributing 4.8% to 
Belgian GDP. The port has seen cargo grow by over 20% from 2013 to 2020, but the Port 
Authority is focused on continuing to grow in a sustainable way, and it has three aims that 
support this objective; the first is to support CO2 targets through better local road traffic 
management, the second is a modal shift from road to rail and inland waterways, and the 

ICONET PI Layers & Services

Web Logistics Layer (Smart-Contract Management Service)

Encapsulation Layer (Wagon Load Optimization Service)

Shipping Layer (End-to-End Track & Trace Service)

Routing Layer (Shortest Path, Modal Shift, Cargo Consolidation Services)

Network Layer (Discovery, Status Update Services)

Link Layer

Physical Layer

mailto:dcipres@itainnova.es
http://www.iconetproject.eu/wp-content/uploads/2021/01/ICONET_SIM_DEMO_LLs.mp4
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third is to be future-proof and ready to lead the way in implementation of digitisation. The 
two last aims translate into the following targets: firstly, to move share of rail from below 10% 
to above 15%, and the second is to implement Physical Internet supporting capability, 
including full traceability of all trains and wagons within the port area, develop and test rail 
network protocols and network services that enable horizontal collaboration, and enhance 
the role of ports as exchange and optimisation hubs that drive logistics rather than act as 
isolated islands of activity.  
 

 
Image: Ben Waller 

 
The port presents all the problems and barriers that get in the way of horizontal 

collaboration; the port area runs complex processes, and acts as an interface between the 
flows of information, services, and goods of many (railway) operators, shippers, logistics 
service providers. The risk is that services are optimised for port operations or certain users, 
at the expense of operations outside the port; the long-term strategy is to improve the 
operational efficiency of the internal port systems, but with a view to increase responsiveness 
to the user base via unified rail community system, and beyond that, to deliver optimisation 
solutions within the terminal that support end to end optimisation deep into the global supply 
chains and logistics hinterland served by the port, including the complex regional network 
that is comprised of Antwerp, Gent and Zeebrugge. 
 
 

What did the Living Lab do? 
 
Given the complexity and scale of port operations, the Port Authority and the technical 
partners decided to focus on the delivery of tangible outcomes that support both internal 
optimisation and process optimisation well beyond the port. The first area of focus was 
building Physical Internet supporting solutions that enable intermodality and shift away 
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from road, so building tools that support collaborative growth of train for long distance 
freight. To do this, the team looked at processes that would support the increased use of 
block trains and full train loads, (where a full train load or block train is any consignment 
comprising a train with several wagon loads transported together for one consignor with no 
change in train composition from single point of loading to single point of unloading). To 
increase use of these full trains, more visibility and integration is required to generate the 
synchronisation capability at the end of the train segment of the logistics process. The 
second area of focus was to optimise the use of single wagons, where clients do not have 
the volume to build full train loads or block trains, and so the commercial operation is built 
around matching flows of wagons and moving these wagons from origin to destination.  
 

To facilitate these improvements, the work was comprised of two phases. Firstly, the 
team tested the ability to enhance the rail traffic management system with physical internet 
capability. Secondly, the team simulated how this new IoT supported community engine 
could be used to support the development of both block train and single wagon solutions. In 
both cases the internal port process optimisation was matched with the synchronisation and 
end to end process alignment beyond the hub 

  
 

LL1 - PI Hub-centric Network

Selection of two Use Case(s)

• Block trains (hinterland)

• Transcontinental cargo toward hinterland

• Use exclusively standard ISO containers

• Port-to-door services

Intermodal Use 
Case (IUC)

• Different railway forwarders (shippers)

• 1 railway bundle

• Industry-to-door services

Single Wagon 
Load Case 

(SWLC)

ICONET AB – Living Labs & Solutions   
 

The aim of both use cases was to enable end to end process visibility and 
management, and so for the intermodal case, the integration was focus on delivering end to 
end, port to ‘door’ service optimisation for whole block trains moving containers from the 
port through rail hubs in the European hinterland, whilst in the single wagon load case, the 
challenge was to build a process that integrated the operations of competing railway 
forwarders (shippers), delivering a single rail bundle that could again optimise origin to 
destination logistics chain synchronisation.  
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A range of innovative solutions were employed to combine data flows and Physical 

Internet supporting tracking solutions within the port and build tracking and booking 
systems that allow both vertical collaboration (end to end) and horizontal collaboration 
(cross sector and competitor).  
 
The first challenge of integrating data flow and external systems with the rail traffic 
management system involved standardising the engine and information flows, and the 
project team successfully implemented both booking terminal (node) slot management and 
rail path allocation tools. Secondly, high level order management processes were defined 
that allowed for a single, multi-user community system. To better track the port processes 
and capacities, the team developed tools that mapped both static and dynamic port 
capacities, along with connections to operations beyond the port, and the tools successfully 
demonstrated successful integration of visibility and connection of that to hinterland 
connections and nodes. The team tested specific deployable and replicable solutions to 
better manage horizontal collaboration and consolidation, such as APIs for the train loading 
optimisation service, so making it easier for partners to ‘plug and play’ into the hub 
platform, and a shunting service optimisation tool that delivered internal efficiency and so 
released both capacity and flexibility of operations for the train loading optimisation service. 
The multi-user visibility achieved is illustrated by the system screen grabs shown below. 
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What were the results and what was learnt? 

The project achieved targets set for measuring success, for example illustrated by the 
achievements of the new Rail Traffic management system (RTS) shown below.  

Rail Traffic System: Key achievements

KPI Benefit / Specific Description Calculation Method Target Value Achievements

Improved asset/infrastructure utilization

- Increased asset visibility (train)

Number of rail paths

Number of wagon events

Number of trains tracked

> 300,000

> 4,000,000

> 8,500,000

315,649 (04/2019)

4,883,418 events (since 03/19)

8,263,905 trains

Improved terminal management

- Enhance terminal slot management
Number of slot requests 

per month
> 100 3,883 terminal slot requests

- Enhanced community platform (RTS) Number of active users > 25 111 single users and 26 companies

- Improvement of executed slots 
Number of executed slots 

/ number of requests
> 90%

Feedback from terminals: “all 

requested slots were executed, apart 

from cancellation by the railway 

undertaking”  

ICONET AB – Living Labs & Solutions  

For block trains solutions, the wagon loading optimisation delivered a reduction in 
wagons and increased fill rates, whilst for single wagon loads, the simulation work  
demonstrated that the trains could be consolidated by at least 17%, meaning fewer trains 
delivering the same volumes of freight.  
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Looking at the KPI for both use cases, the team delivered improvements in both efficiency 
and efficacy. The operational results simulated were: 

• Leaner, removing cost, for example, delivering a 10% reduction in empty wagon runs, 
10% reduction in the operational costs of participating operators. 

• More accurate, increasing train punctuality by 10%, and reducing congestion in traffic 
flows. 

• Greener, reducing environmental impacts, for example, reducing CO2 emissions by 10%.  

• More agile, being more responsive (for example, cutting the reaction time in processing 
ad hoc slot requests by 30%), and able to do more with the same assets (for example, 
releasing 5% additional in both railway and terminal capacities).  

The work did release flexibility and demonstrated the role of hubs in delivering synchro 
modality, vertical and horizontal collaboration. The team encountered all the barriers and 
problems expected when attempting the latter; partners in any complex system will tend to 
optimise their own area of operations, at the expense of whole end to end system, and 
many partners are also competitors and so sharing information is a significant cultural 
challenge and there remain significant barriers to the delivery of collaborative models in the 
railway sector. There were also learnings around technical complexity, for example, the 
creation of digital twins of so many processes, assets and participants in a multi-user system 
is challenging, and some innovative technology did not deliver the targeted levels of 
visibility (such as video recognition assisted process gates). These cultural and technical 
issues combine to make the successful delivery of reliable data and integration of live 
tracking, sensors, and legacy systems a complex challenge that will be the focus of future 
transformation.  

 

What should happen next? 

As complex operations, involving many partners and a global reach, ports are a good 
place to start when thinking how to integrate physical and digital logistics. The ePIcentre 
project is building on the outcomes and learnings of this ICONET living lab, uniting 36 
partners including port authorities, logistics service providers, manufacturers, academic 
institutions, and technology providers, to develop and test new technology driven logistics 
solutions.   

As shown in the graphic below, as large-scale, multi-user and collaboration intensive 
operations, ports as digital hubs are well-placed to become engines of networked 
optimisation well beyond the port area. Logistics service providers, and their customers, will 
need to be convinced of the benefits of investing in IoT capabilities, in sharing the platforms 
and collaborating to release the benefits unearthed in all four living labs. As found in this 
study, the technical challenges to integration are considerable, but the biggest barrier is 
probably overcoming mistrust; data sharing can be enabled, for example with IoT devices 
and with API, but will only happen when operators trust the systems and processes that 
they are using, trust the data they are using, and trust that partners will use the data 
responsibly to generate mutual gains and efficiencies. Governments and other significant 
long-term investors can support hub infrastructure expenditure, use the platforms 
themselves as service users and endorse the legal agreements that underpin them, as these 

https://epicenterproject.eu/
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platforms will need to attract users from their existing logistics chain partners, and new 
users that are today both physically and operationally distant to port operations.  

 

Sharing data is often viewed with suspicion, and for good reason, as it tends to 
expose weaknesses and bottlenecks. Systemic poor asset utilisation also provides a safety 
buffer for overcoming these weaknesses and bottlenecks. However, a collaborative network 
that in real time models and simultaneously optimises the capacities and utilisation of many 
user assets and processes will force process improvement and re-engineering within the 
participating companies, effectively making operational competition more transparent. That 
is a daunting prospect, but logistics providers should embrace the opportunity to learn and 
change, to benchmark themselves against competitors and learn from them. Government 
investment and endorsement of hubs will help to demonstrate operational improvement, 
demonstrate platform data security and commercial sensitivity, and so help recruit 
commercial users.  

What is termed ‘network effects’ in economics, which describes the outsized 
incremental value generated as each user joins a system, is only generated by mass 
adoption; for example, when Alexander Bell invented the telephone in 1876, it was of little 
use until so many businesses and private homes installed and used devices that the device 
became indispensable. Early telephone companies were state-backed monopolies or at least 
oligopolies, and this was justified on the basis of the public goods they generated from 
creating a single-network. Today’s most noticeable network effects are generated by multi-
user digital platforms such as Ebay, Amazon marketplace and Facebook; the effectiveness of 
these platforms is in part due to the near monopoly they have in the sector in which they 
operate after becoming the dominant and natural ‘go-to’ platform for the services that they 
offer. There is such an argument for government support of the early development and 
establishment of physical internet hubs, so eventually, global networks of ports and logistics 
service providers, like the global telecommunications network we take for granted today, 
become so ubiquitous as to be almost invisible.   
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ICONET Partners 

 

 
For more information, please visit our website, www.iconetproject.eu  
More detail is also available in the project’s Transferability Framework that is available for 
download here: https://www.iconetproject.eu/transferability-framework-capacity-building-
programme/  

 
If you wish to ask further questions of the teams involved in this project, please contact 
Stephen Rinsler (steverinsler@elupeg.com). The views expressed in this document are not 
necessarily those of the EU Commission; the Consortium and the EU Commission/INEA are 
not responsible for any use that may be made of the information contained within this 
report. 
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